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Generic drugs: definition 

A generic drug is bioequivalent to a brand name drug in dosage 
form, safety, strength, route of administration, quality, 
performance characteristics and intended use.  
 

U.S. Food and Drug Administration 

 

If two pharmaceutical forms are bioequivalent than their 
clinical efficacy and safety are, as definition, similar and can be 
utilized indistinctly from a therapeutic point of view (i.e. same 
therapeutic indications) 



• Biopharmaceutical aspects 

 

• Clinical Evidences 

 

Generics 



Bioequivalent pharmaceutical forms: They are forms that 
do not significantly differ in terms of speed and rate of 
absorption, when administered at the same molar dose 

and under similar experimental conditions. 

Bioequivalence: is a requirement imposed by FDA and 
EMA for in vitro and in vivo assays utilized for defining 

new pharmaceutical forms. For the marketing such 
requirement must be satisfied. 



• It is an index of rate and amount of the active 
component that is absorbed from a pharmaceutical 
form and reaches unmodified the systemic circulation. 

 

• The magiority of the drugs is not completely available 
(effective dose) after oral administration. 

Bioavailability (F) 
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Pharmacokinetic profile after oral administration 



Profiles for drug in blood following equal extra 
vascular doses where elimination (k2) is 

identical in all three cases 



The generic drugs 

• For receiving the registration of a generic drug, a product must 
present the data of pharmacokinetic parameters very similar to 
those of original pharmaceutical product. 

• The three essential pharmacokinetic parameters are: 

– The maximal plasma concentration (Cmax); 

– The «area under the curve» (AUC), namely the trend of the plasma drug 
concentration in relation to the time, before its complete elimination; 

– The time required for reaching the maximal plasma concentration (Tmax). 



The pharmacokinetic parameters 



• The guidelines indicate that the bioavailability of a tested drug 
can be accepted if the 90% confident range of Cmax  and AUC 
is within 0,80 and 1,25 of that observed with the patent drug. 

 

• The EMA and FDA guidelines also establish that for drugs with 
restricted therapeutic window, the range could be reduced. 

The generic drugs 



Bioequivalence of drugs 
 



Shargel L et al Applied Biopharmaceutics & 
Pharmacokinetics VI Edition  2012 McGraw Hill ED 

The marketed drug product that is 
approved by the FDA may not be the same 
formulation that was used in the original 

safety and efficacy clinical studies 



• New drug development may use a simple formulation such as a gelatin 
capsule containing the active ingredient diluted with lactose 

• Since the initial safety and efficacy studies were performed using a different 
formulation the pharmaceutical manufacturer must demonstrate 
equivalent drug product performance to the original formulation 

• Equivalent drug product performance is generally demonstrated by an in vivo 
bioequivalence study in normal healthy volunteers 

 

 
Shargel L et al Applied Biopharmaceutics & Pharmacokinetics VI Edition  2012 McGraw Hill ED 

 

Drug product performance 



STUDY DESIGN AND STUDY SUBJECTS 

• In general, when comparing the bioavailability of a test (T) 
formulation to that of a reference (R) formulation, a 
randomized, two-period, two-sequence single dose crossover 
design is recommended. 
 

• A parallel design may exceptionally be used in case of long half-
life drugs. 

J Pharm Pharmaceut Sci (www.cspsCanada.org) 15(3) 376 - 388, 2012 



SELECTION OF HEALTHY STUDY SUBJECTS 

• It is now recommended that subjects should be 18 years or older (previously, 

between 18-55 years) and preferably have a Body Mass Index between 18.5 

and 30 kg/m2 (previously, within the normal range). 

 

• This approach is considered adequate to allow extrapolation of the results to 

patient populations for which the reference medicinal product is approved. 

 

• EMA guideline also clearly stated that “all treated subjects should be included 

in the analysis”. 

 
J Pharm Pharmaceut Sci (www.cspsCanada.org) 15(3) 376 - 388, 2012 



Determination of bioequivalence of CANDESARTAN DOC Generic 32 mg 

tablets compared to originator (Control)  (REGULATORY FILE) 

INVESTIGATOR 
EXPERIMENTAL VENUE 

TREATMENTS 

STUDY DESIGN        

NUMBER OF SUBJECTS TREATED 

CANDESARTAN DOC Generics 
32 mg tablets (1 tablet) 
Control  
32 mg tablet (1 tablet) 

Randomized, crossover 

34 healthy volunteers 



Plasmatic values of candesartan for both formulations           

PARAMETER CANDESARTAN DOC Generic 
Average (±SD) 

Control 
Average (±SD) 

AUC (ng h/ml) 2726.70 (565.43) 2853.62 (742.54) 

Cmax (ng/ml) 251.95 (77.98) 252.63 (105.13) 

Tmax (h) 3.79 (1.09) 3.68 (0.99) 

T1/2 (h) 13.42 (4.96) 12.93 (4.32) 

CANDESARTAN DOC Generic Control                                          
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Determination of bioequivalence of OMEGA 3 DOC Generic 1000 mg soft capslues 

compared to originator (OMACOR® UK)   (REGULATORY FILE) 

INVESTIGATOR 
EXPERIMENTAL VENUE 

TREATMENTS    

STUDY DESIGN        

NUMBER OF SUBJECTS TREATED              

Randomized, crossover, 3 arms 

66 healthy volunteers 

OMEGA 3 DOC Generici 
1000 mg soft capsules (4 capsules) 
OMACOR®UK 
1000 mg soft capsules (4 capsules) 



Comparison of pharmacokinetic profile: 
Eicosapentaenoic acid (EPA) 

Comparison of pharmacokinetic profile: 
Docosahexaenoic acid (DHA) 

OMEGA 3 DOC Generic 

OMACOR® UK (CUMULATIVE DATA) 

OMACOR® UK (CUMULATIVE DATA) 

OMEGA 3 DOC Generic 

Time (h) 

Time (h) 
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PARAMETER Eicosapentaenoic acid (EPA) 

OMEGA 3 DOC Generic 
Average (CV%) 

OMACOR® UK 
Average (CV%)  

AUC (ng h/ml) 1461.47 (39) 1547.06 (36) 

Cmax (ng/ml) 51.47 (42) 55.39 (37) 

Tmax (h) 8.58 (62) 8.41 (64) 

PARAMETER Docosahexaenoic acid (DHA) 

OMEGA 3 DOC Generic 
Average (CV%) 

OMACOR® UK 
Average (CV%)  

AUC (ng h/ml) 599.75 (49) 628.66 (47) 

Cmax (ng/ml) 35.02 (63) 36.25 (56) 

Tmax (h) 9.34 (137) 8.19 (98) 





Davit BU et al The Annals of Pharmacotherapy n 2009 October, Volume 43 n 1583 

Histogram comparing 
distribution of test/reference 
bioequivalence parameter 
ratios for generic immediate-
release and modified-release 
drug products 



Ratio and 90% confidence intervals of AUC 0-t 

Van der Meersch et al. 

PLoS One 

2011;6(8):e23611 Narrow therapeutic index 

NOT 
Narrow therapeutic index 



J Pharm Pharmaceut Sci (www.cspsCanada.org) 15(3) 376 - 388, 2012 

Parent compound versus metabolites 
The revised 2010 guideline is much clearer on the use of metabolites in bioequivalence 
assessment than the 2001 Note for Guidance.  
It is now recommended that in almost all cases the evaluation of bioequivalence should be 
based upon the measurement of plasma concentrations of the parent compound. 

Examples: 
Enalaprilat/Enalapri 
Perindiprilat/Perindopril 
Zofenoprilat/Zofenopril  
Glyceryldinitrate/Nitroglycerin 
Oxypurinol/Allopurinol 
Hydroxyflutamide/Flutamide 
Acid metabolite/Terfenadine  



Determination of bioequivalence of PERINDOPRIL DOC Generic 8 mg tablets compared to 

originator (Coversyl®)        (REGULATORY FILE) 

INVESTIGATOR 
EXPERIMENTAL VENUE 

TREATMENTS 

STUDY DESIGN        

NUMBER OF SUBJECTS TREATED 

PERINDOPRIL DOC Generics 
8 mg tablets (1 tablet) 
Coversyl®  
8 mg tablet (1 tablet) 

Randomized, crossover 

26 healthy volunteers 



PARAMETER PERINDOPRIL DOC Generic 
Average (±SD) 

COVERSYL® 
Average (±SD) 

AUC (ng h/ml) 89.246 (24) 87.163 (22) 

Cmax (ng/ml) 75.481 (25) 73.022 (26) 

Tmax (h) 0.66 (26) 0.66 (21) 

T1/2 (h) 0.84 (4.96) 0.89 (22) 

PERINDOPRIL DOC Generic COVERSYL® 
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Plasmatic values of perindopril for both formulations           



Generic drugs: definition 

A generic drug is bioequivalent to a brand name drug in dosage 
form, safety, strength, route of administration, quality, 
performance characteristics and intended use.  
 

U.S. Food and Drug Administration 

 

If two pharmaceutical forms are bioequivalent than their 
clinical efficacy and safety are, as definition, similar and can be 
utilized indistinctly from a therapeutic point of view (i.e. same 
therapeutic indications) 



hours 

P
la

sm
a 

co
n

cn
et

ra
ti

o
n

 o
f 

p
en

ta
zo

ci
n

 
 (


gm
l)

  

A
n

al
ge

si
c 

ef
fe

ct
 

Plasma concentration of pentazocin and analgesic 
effect after a single i.m. injection of 0.64 mg 



Ranges of therapeutic concentrations 



TXB2 synthesis after aspirin treatment 

Fuse I et al. Int J Hematol. 1996 

Jun;63(4):317-24 



Structural Formulas of HMG-CoA 
and of some Type 1 and Type 2 Statins  

ES Istvan, J Deisenhofer  Science 2001; 292: 1160-1164 



Clinical Pharmacokinetics of Statins 

Parameter Atorva Rosuva Fluva Fluva 

XL 

Lova Prava Simva 

Fraction absorbed 
(%) 

30 50 98 98 30 34 60 - 80 

Tmax (hr) 2 - 3 3 0.5 - 1 4 2 - 4 0.9 - 1.6 1.3 - 2.4 

Cmax (ng/ml) 27 - 66 37 448 55 10 - 20 45 - 55 10 - 34 

Bioavailability (%) 12 20 19-29 6 5 18 5 

Effect of food 13%  20% 15% to 25% 0 50% 30% 0 

Transporter 
proteins substrate 

Yes  Yes                Yes   Yes    Yes  Yes Yes  

 

Adapted from Corsini et al. 1999 Pharmacol Ther 84: 413-428 



Systemic exposure after administration of 
fluvastatin XL (extended) or IR (immediate) 

Appel-Dingemanse S, et al. Presented at: 29th European Symposium on 

Clinical Pharmacy; October 11-14, 2000; Basel, Switzerland 
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Fluvastatin XL, after lunch 

Fluvastatin XL, with food 

Fluvastatin IR 

hours 



 

Clinical data from two independent trials submitted in 2001 for the market 

authorization showed comparable LDL-C lowering effects of fluvastatin ER 80 mg 

as compared to fluvastatin IR 40 mg bid 

Study Comparison 
LS mean 

 % change 
ER 

LS mean 
 % change 

IR 

95% 
Confidence 

Interval 

P-value 
Superiority 

P-value 
Non- 

Inferiority 

XUOF302 

Lescol® XL 
80 mg vs. 
Lescol® 40 mg 
bid 

-32.6 .  -32.7 -2.4, 2.7 0.928 <0.001* 

XUOF353 

Lescol® XL 
80 mg vs. 
Lescol® 40 mg 
bid 

-33.3 .  -30 .7   
 -5.9, 
+0.9 

0.144 <0.001* 



BMC Clin Pharmacol. 2002;2:1. 



BMC Clin Pharmacol. 2002;2:1. 



In
h

ib
it

io
n

 o
f 

b
lo

o
d

 p
re

s
s

u
re

 r
e

s
p

o
n

s
e

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

to
 a

n
g

io
te

n
s

in
 I
I 
(%

) 

Concentration (g/L) 

Gleiler CH et al., Drug Disposition 2002;41(1):7-17 
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Hysteresis loop of once daily  
treatment with candesartan 



• The measure of plasma concentrations have allowed to study the 
pharmacological effects of an active component, and today represents the 
experimental tool better characterized for the determination of generic 
drugs 
 

• The bioequivalent studies represent an important approach for the 
characterization of a generic drug with the awareness of the potential 
limits of this method (i.e. lack of direct relationship between the 
pharmacokinetic profile and pharmacodynamic action) 
 



• Biopharmaceutical aspects 

 

• Clinical equivalence 

Generics 



Individual LDL-C % Response to Atorvastatin 10mg/day  





Drug Class and Meta-analyses of Trials Comparing Generic 
and Brand-Name Drugs in Cardiovascular Disease 

JAMA. 2008;300(21):2514-2526 





Hospitalizations in persistent patients  
(mean number of hospitalizations) 

Plos one December 2013 

| Volume 8 | Issue 12 | 

e82990 



from 
bioequivalence 

clinical 
equivalence 

to  



• Biopharmaceutical aspects 

 

• Clinical equivalence 

 

• Real clinical practice 

Generics 



J Hypertens 32:000–000  2014 



Plos one December 2013 | Volume 8 | Issue 12 | e82990 



Plos one December 2013 | Volume 8 | Issue 12 | e82990 



Cumulative proportion 
of patients discontinuing 
therapy, upper panel, 
and experiencing 
hospitalization for major 
cardiovascular events, 
below panel  



JAMA. 2004;291:2344-2350 



Survival curves for discontinuation of statin 
therapy by range of mean prescription copayment 



Switch branded to generics? 

 

• Differences in terms of compliance  





 

 CMAJ Open 2015. DOI:10.9778/cmajo.20140090  



Number of brand-name and generic bisphosphonate 
prescriptions dispensed from pharmacies  

ALN = alendronate, vitD3 = vitamin D3, RSD = risedronate, DR = delayed release, Ca = calcium  

 

 CMAJ Open 2015. DOI:10.9778/cmajo.20140090  



Conclusion of the study 

Our study provides evidence that an automatic generic substitution policy, 
when feasible, is a rapid and effective way to change dispensing patterns.  
 
Currently, 45% of all drugs dispensed by pharmacies in Canada and most 
drugs used in hospital are generics.  
 
In the United States, generic drug use resulted in $1.2 trillion in savings to 
the health care system from 2003 to 2012.  
 
Savings increased by an average of 17% per year since 2007 and are 
expected to grow exponentially as multiple high-use drug patents will expire 
in the near future. 

 

 CMAJ Open 2015. DOI:10.9778/cmajo.20140090  



Switch between generics? 

• Differences in terms of: 

 

• Compliance  

• Adherence 

• Efficacy 





Colombo G-L et al Atherosclerosis Supplements (In press) (2016) 1-8 



Colombo G-L et al Atherosclerosis Supplements (In press) (2016) 1-8 



Colombo G-L et al Atherosclerosis Supplements (In press) (2016) 1-8 



Colombo G-L et al Atherosclerosis Supplements (In press) (2016) 1-8 



Colombo G-L et al Atherosclerosis Supplements (In press) (2016) 1-8 

Correlation between persistance and adherence to 
treatment and generic distribution 



Colombo G-L et al Atherosclerosis Supplements (In press) (2016) 1-8 



Fonte: Rielaborazioni Centro Studi Assogenerici, su dati IMS Health MAT 03/2014 

Main pharmaceutical companies  



Generic 
drug 

Bioavailable 

Rate and amount 
of active 

component that 
reaches 

unmodified the 
system circulation 

Bioequivalent 

Same clinical 
efficacy and safety 
of pharmaceutical 

formulations 

Safe 

Effective 

Save 

Price lower by at 
least 20% 

compared to that 
registered 


